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Different expression of miRNA 206 in double-muscle Piedmontese female cattle 

















Department of  Veterinary  Morphophysiology, University of Turin, Via Leonardo da Vinci 44, 
10095, Torino, Italy. 
b
Department of Anatomy, Pharmacology and Forensic Medicine, and CeRMS, University of Turin, 
Italy, C.so Massimo d’Azeglio 52, 10126 Torino, Italy 
 
* Corresponding author: Tel 0039-0116709146; fax 0039-0112369146 




The double-muscle phenotype is a heritable condition in Piedmontese cattle traced to a point 
mutation in the myostatin gene. Analysis of SNP databases for humans demonstrates that mutations 
creating or destroying putative miRNA target sites are important effectors of phenotypic variation. 
Herein, we report the pattern of expression of miRNA 1 and 206 analysed in Piedmontese and 
Fresian cattle divided according to phenotype and sex. miR1 analysis showed no significant 
differences in expression between different muscle phenotypes in both genders and breed. Analysis 
of miR206 showed in female subjects a significant difference in expression between two breeds 
(four fold up-regulated in Piedmontese females than Friesian, p<0.01). Further studies are 
performing to investigate if changes in estrogens levels mediate response of skeletal muscle by 
miR-206 regulation of gene expression. 
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The causes of muscle hypertrophy in Piedmontese cattle were traced to a point mutation in the 
myostatin gene (GA) amending the amino acid composition of the protein (cysteine-tyrosine) 
(Kambadur et al., 1997). This mutation alters the function of myostatin as a negative regulator of 
muscle growth thereby triggering muscle hypertrophy and hyperplasia (Berry et al., 2002).  The 
muscular hypertrophy, or double-muscle phenotype, is a heritable condition in cattle that primarily 
result from an increase in number of muscle fibres (hyperplasia) rather than the enlargement of 
individual muscle fibres (hypertrophy), relative to normal cattle (Grobet et al., 1997). Piedmontese 
breed is one of the cattle breed in which this muscular hypertrophy and its effects have been 
analysed and it has been systematically selected for double muscling to the point of fixation in 
many herds (> 98% of homozygosity in Piedmonte region). MicroRNAs (miRNAs) are small non-
coding RNA molecules, highly conserved, that regulate gene expression binding with imperfect 
complementarities the sequence of messenger RNA (mRNA). In the post-transcriptional gene 
regulation the mature miRNA not perfect matching with the non-coding region at 3 '(3'-UTR) 
mRNA target, inducing degradation. Through this mechanism, miRNAs are involved in a multitude 
of biological processes: differentiation, morphogenesis, development and cell regulation. miRNAs 
may be additive factors that explain the phenotypic variability in cattle selected for the myostatin 
gene mutation (De et al., 2008).  It has been demonstrated that the GDF8 allele of Texel sheep, 
renowned for their exceptional meatiness, is characterized by a G to A transition in the 3' UTR that 
creates a target site for mir1 and mir206, microRNAs (miRNAs) that are highly expressed in 
skeletal muscle. This causes translational inhibition of the myostatin gene and hence contributes to 
the muscular hypertrophy of Texel sheep (Clop et al., 2006).  Analysis of SNP databases for 
humans and mice demonstrates that mutations creating or destroying putative miRNA target sites 
are abundant and might be important effectors of phenotypic variation (Georges et al., 2006).  
 
Herein, we report the pattern of expression of two miRNAs (206 and 1) analysed in Piedmontese 
and Fresian cattle divided according to phenotype and sex. Samples of loins were collected from 40 
animals: 20 bred Piedmontese and 20 bred Friesian (from 16 to 23 months old), divided by gender  
and muscle phenotype through the use of grid assessment SEUROP (S = Super E = excellent, U = 
abundant, R = good; O = medium, P = low) based on visual estimate of muscle profiles of carcasses 
at slaughter. Samples were collected immediately after the slaughter and stored in RNA later ® 
(Ambion) until processing to prevent RNA degradation. RNA was extracted using TRIzol 
(Invitrogen); after RNA reverse transcription, Taq-Man miRNA Assays (Applied Biosystems) was 
performed for quantification of mature miR-1 and miR-206 expression levels. miR-16 was used to 
normalize the results. 
 
The data were analysed by comparing: a) all samples Piemontese breed vs all samples of Friesian 
breed, b) samples of the two breed  divided by gender, c) in Piedmontese breed, animals classified 
as S or E vs samples estimated as R or O. Through the use of bioinformatics software (UCSU 
browser; Rvista; Clustal), the degree of homology of miR1 and miR206 between humans and cattle 
was 100%. 
 
The complete homology allowed us to use with confidence human Real Time TaqMan probes to 
evaluate the bovine miRNAs expression. miR1 analysis showed no significant differences in 
expression between different muscle phenotypes in both genders and breed. Analysis of miR206 
showed in female subjects a significant difference in expression between two breeds (female 
Piedmontese: N = 10, mean ΔCt 4.9 ± 0.7; female Friesian: N = 10, mean ΔCt 2.8 ± 0.8, p<0.01). 
No significant differences in expression were reported between the two breeds (Piedmontese: N = 
20, mean ΔCt 4.7 ± 0.7; Friesian: N = 20, mean ΔCt 4.3 ± 0.9) or within male gender (male 
Piedmontese: N = 10, mean ΔCt 4.6 ± 0.7, male Friesian: N = 10, mean ΔCt 4.3 ± 0.6).  
 
The majority of the research on myomiRs has focused on the function of miR-1 and miR-133a in 
cardiac development and disease (Yang et al., 2007) or during skeletal muscle differentiation using 
an in vitro model system (Chen et al., 2006). miRNA-206 is a member of the muscle-specific miR-1 
family of myomiRs. Though less studied, miR-206 is unique among the myomiR family 
specifically expressed in skeletal muscle, being absent or expressed at relatively low levels in other 
tissues. This suggests some intriguing possibilities on the study of miR-206 in skeletal muscle 
development and other potential functions in myogenesis and in adult skeletal muscle. 
In our study, we did not observed differences in expression of miR-1 by comparing cattle breed, sex 
and muscle assessment. The mature form of miR-1 was found to be expressed only in the heart but 
not in the brain, kidney, liver, lung. The concept that this miRNA might have a role depending on 
its tissue-specific was further supported (Lagos-Quintana et al., 2002). On the other hand, within the 
development of muscle tissues, miR-1 does not appear as specific as miR-206 for skeletal muscle 
and this last microRNA appear to be more interesting to investigate different polymorphisms for 
this specific tissue. Even for miR-206 we did not observe any statistical difference within 
Piedmontese breed according to the different classification of carcass muscularity. However, miR-
206 is four fold up-regulated in Piedmontese females than Friesian. We report the difference only in 
female animals, this observation lead us to hypothesize an influence of female hormonal milieu in 
the regulation of expression of miR-206 that may play a role in the determination of female 
phenotype. However, the relationship between estrogens and miR-206 is not clear, and an increased 
metastatic potential in human breast cancer cells associated with miR-206  has not been correlated 
with to ER status (Tavazoie et al., 2008). Further invstigation should now clarify if  changes in 
estrogens levels may influence miR-206 regulation of gene expression in skeletal muscle 
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a)        
miRNA Piedmontese Friesian 
miR-1 3.9 ±0.5 4.1 ±0.5 
miR-206  4.7 ±0.7 4.4 ±0.9 
 
b) 
 miRNA Piedmontese Friesian 
Male miR-1 4.0 ±1.1 4.2 ±1.1 
 miR-206 4.3 ±0.9 3.7 ±0.5 
Female miR-1 3.9 ±0.4 3.7 ±0.7 
 miR-206   4.9 ±0.4*  2.8 ±0.8* 
   
c)           d) 
miRNA Piemontese phenotypes 
S.E.U.R.O.P. 
     S/E U/R/O 
miR-1 3.8 ±0.5 4.1 ±0.3 
miR-206  4.7 ±0.02 4.7 ±0.9 
 
 
Tab. 1 a) miR-1 expression in Piedmontese and Friesan animals; b) miR-206 expression in 
Piedmontese and Friesan animals; c) miR-1 and miR-206 expression within piedmontese animals 









UGGAAUGUAAAGAAGUAUGUAU                             
 
 
bta-mir-206 
UGGAAUGUAAGGAAGUGUGUGG 
hsa-mir-206 
UGGAAUGUAAGGAAGUGUGUGG 
